Unconjugated pteridines are present in fungi, algae and plants. However, the functions of pteridines in these organisms are not thoroughly investigated. The biosynthesis follows the same steps as were shown for animals and eubacteria. One possible function of pteridines in these organisms is participation in blue-light reception. To analyze this or other functions of pteridines it would be useful to inhibit pteridine synthesis specifically by genetic engineering. GTP-cyclohydrolase I is the primary enzyme of tetrahydrobiopterin and folic acid biosynthesis. A comparison of amino acid sequences of GTP-cyclohydrolase I (EC 3.5.4.16) previously known from various species allowed the construction of degenerate primers, based on highly conserved regions. The same consensus primers are able to bind to cDNAs of unrelated eukaryotes. By reverse-transcriptase PCR cDNAs of the conserved C-terminal part of the fungi Neurospora and Phycomyces, the phytoflagellate Euglena and the higher plant Mucuna hassjoo were amplified and cloned. Similarities between the sequences agreed with the evolutionary relationship of the investigated organisms. Various regions strictly conserved between unrelated eukaryotes and bacteria were observed, which could be essential for the function of GTP-cyclohydrolase I.
Introduction
Most of the biochemistry and functions of pteridines are known from bacteria, insects and vertebrates. The biosynthesis of unconjugated pteridines in plants and fungi was hitherto not thorough- § Author to whom correspondence should be addressed.
Josef Maier, Institut fur Chemische Pflanzenphysiologiel Pflanzenbiochemie der Universitiit Tubingen, Corrensstr. 41, D-72076 Tiibingen, Germany, Tel. +49-7071-293052, Fax +49-7071-295337, e-mail he1ga.ninnemann@uni-tuebingen.de Abbreviations: DAHP, 2,4-diamino-6-hydroxypyrimidine; DMSO, dimethylsulfoxide; PCR, polymerase chain reaction; RT-PCR, reverse transcriptase-polymerase chain reaction Pteridines I Vol. 6 I No.3 ly investigated and their functions in these organisms remained obscure. One hypothesis for the function of different pteridines in plants and fungi is their participation as chromophores in blue-light photoreceptors, as was shown for 5,10-methenyltetrahydrofolate in DNA-photolyase of E. coli (1). This participation of pteridines and molybdopterin in blue-light reception was reviewed by Galland and Senger (2) and Ninnemann (3). In Neurospora crassa blue-light dependent conidiation depends on the molybdopterin-containing flavo-enzyme nitrate reductase (4).
We therefore investigated the biosynthesis of pteridines and molybdopterin in the ascomycete Neu-rospora crassa , the zygomycete Phycomyces blakesleeanus and the phytoflagellate Euglena gracils (5, 6). Blue-light-dependent phenomena are well studied in all three organisms. After inhibition of pteridine synthesis by DAHP (2,4-diamino-6-hydroxypyrimidine), an inhibitor of GTP-cyclohydrolase I, we observed a disruption of the blue-light dependent photomorphogenesis of sporangiophores in Phycomyces (7). However, due to h igher inhibition constants of these inhibitors for the fungal enzymes than :"or mammalian GTP-cyclohydrolase I (5), only a :, artial block of pteridine synthesis was observed in DI-zycomyces, mainly affecting the folic acid branch -3 ther than the biopterin branch of pteridine bio--y nthesis in Phycomyces (5, 7). We would prefer, :h erefore, a more specific way to inhibit pteridine ~ iosynthesis, like an antisense mRNA expression ::, lasmid under control of an inducible promoter. We :loned GTP-cyclohydrolase I from these organisms.
GTP-cyclohydrolase I sequences of man (8, 9, 10), rat (11) , mouse (12) , Drosophila (13), E. coli (14) , Bacillus subtilis (15) and Streptococcus pneumoniae 16) have been published. Based on the sequence : omparison of man, rat, mouse, E. coli and Bacillus . ; . ubtilis, we designed consensus PCR-primers within :-: ighly conserved regions shared by all five species. We amplified cDNA of GTP-cyclohydrolase I from :"ungi, algae and plants with these primers.
This study describes consensus PCR-primers suit-..l ble for amplification of cDNA specific for GTP-:yc1ohydrolase I from various unrelafed eukaryotic -;::>ecies. Partial sequences of two fungi, one phyto·~agellate and one higher plant were obtained and -' . ;-e compared with the published sequences of J TP-cyclohydrolase I from animals and eubacteria.
\Iaterial and Methods

Organisms
Euglena gracilis Z cells (strain 1224-5/25, Institute of Plant Physiology, University of Gotingen, Germany or ATCC 12894), Neurospora crassa strain albino-band (al-2, bd) derived from a cross done by Prof. S. Brody (University of California San Diego at La Jolla, CA) and Phycomyces blakesleeanus wildtype (strain CBS 283.35, F 813, +), a gift from the fungal collection of Prof. Oberwinkler, Botanical Institute, University of Tiiingen, Germany, were grown and harvested as described (5). Seeds of the legume Mucuna hassjoo Mansf. (Stizolobium hassjoo Piper and Tracy) were kindly supplied by Kyoto Herbal Garden, Takeda Chemical Indu~tries , Japan. This plant was chosen because of its high content 113 of unconjugated pteridines (17) . Plants were 5rown in 5 1 plastic pots with a mixture of garden earth and sand in a greenhouse at the institute in Tiibingen, Germany with night temperatures not falling below 15°C. The pericarp of still green husks (5-10 cm length) with nearly fully developed beans was harvested, cut in small pieces and frozen in liquid nitrogen.
Preparation of mRNA
The mRNA was extracted from the frozen powder with the magnet bead-based Dynabeads mRNA direct kit (Dynal, Hamburg, Germany) according to the manufacturer's instructions. cDNA was synthesized as described previously (18) .
Generation and analysis of RT -peR products
Primer design for RT-PCR, oligonucleotide synthesis, RT-PCR reactions, analysis and purification of PCR products were performed as described (18) with following modifications: 100 pmol of each consensus PCR primer were used in a 50 III reaction mix. The RT-PCR was performed for 30 cycles at an annealing temperature of 57°C in an Appligene Crocodile thermocycler. The products were analyzed on 2% agarose gels and subsequently stained with ethidium bromide. The purified RT-PCR products were cloned in the T-tailed vector pGEM-T (Promega, Heidelberg, Germany) according to the supplier's instructions. The plasmids were sequenced on an Applied Biosystems model 373A automated DNA sequencer using the Perkin Elmer Taq Dye DeoxyTM terminator cycle sequencing kit.
Results and Discussion
We designed degenerate consensus PCR-primers on the basis of highly conserved regions defined by comparison of the sequences of man, rat, mouse, E. coli and Bacillus subtilis (Table 1) . In order to reduce the degree of degeneration for primers 1, 4, 5 and 7, terminal variations were synthesized as individual primers rather than mixed oligonucleotides. Combinations of these primers were initially tested with plasmids of cloned human GTP-cyc1o-hydrolase I, kindly supplied by Markus Giitlich (10) . Combinations containing primers 5 and 7 failed to produce any product of the expected length, where- as all other combinations yielded specific products with human control DNA. With E. coli control DNA coding for GTP-cyclohydrolase I, kindly supplied by A. Bacher (14), we observed specific products, when using the primer combinations 4+6 and 3+6. RT-PCR of mRNA from the fungi Neurospora and Phycomyces, the phytoflagellate Euglena and the plant Mucuna yielded PCR products of the expected length with the primer combinations 3 + 8, 4+ 8, 3 + 6 and 4+ 6. Several unspecific products occurred, which could be reduced by adding 5% DMSO to the reaction mixture. The PCR.,products were cloned and seque: nced. The derived amino acid sequences (Figure 1) (boxed amino acids in Figure 1 ) and similarity (amino acids in bold) with known sequences for GTP-cyclohydrolase I. The degree of similarity with respect to conserved amino acid substitutions in the human sequence when compared with the other known sequences are in %: Rat and mouse 99, Drosophila 87, Neurospora 87, Phycomyces 88, Euglena 84, Mucuna 82, Streptococcus pneumoniae 67, Bacillus subtilis 71, E. coli 70. The similarity of Neurospora was found to be 87% when compared with Phycomyces, 79% with Euglena and 78% with Mucuna. Two mutations at position 134 and 201, which disrupt human GTP-cyclohydrolase I activity (19) are indicated in Figure 1 above the human sequence. All known sequences are identical at these positions except for E. coli at position 201 (numbering as shown in Fig. 1 for human sequence) . Also the known splice junctions of Drosophila exons (13) are indicated in Figure 1 . The caseinkinase II site (SI T-xx-D/E) at positions 139-142 is conserved in eukaryotes, whereas the protein kinase C site (SIT -x-R/K) at position 176-178 is only conserved in the listed animal sequences (Figure 1 ). Amino acids identical in all compared species were found at positions marked in the bottom line of the figure. These regions are strictly conserved in all investigated organisms and could be essential for the function of GTP-cyclohydrolase I.
The cloned cDNAs will be used for construction of antisense vectors to inhibit GTP-cyclohydrolase I specifically, as probes for mRNA measurement (14) . Positions, where huma n mutations were detected (Mut.) (19) and splice junctions of Drosophila exons (13) 
